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Abstract
This studywas plannedto clarifythe mechanism(s)by
which hemodialysisincreasesthe OTc dispersion,a
markerof riskofventriculararrhythmias.To thisaim,10
uremicpatients,without any relevantheartdiseases,
underwenttwo differenttypesof hemodialysissched-
ules. In thefirst, 1h of isolatedhigh rateultrafiltration
precededthe standarddiffusiveprocedure.In the sec-
ond,duringthefirsthourofstandardbicarbonatehemo-
dialysis,the decreaseof plasmapotassiumconcentra-
tionwaspreventedbyincreasingK+concentrationinthe
dialysate,accordingto itspredialysisplasmalevels.Dur-
ingthehighrateultrafiltrationperiod,togetherwithECG
signsof increasedsympatheticnervoussystemactivity
and catecholaminesecretion,the OTc dispersiondid
notchangesignificantly.Instead,an evidentincrement
was observed1h afterthestartof thediffusivehemodi-
alysis,thenslowlyprogressinguntiltheendof thedialy-
sis andfinallyreturningto thepredialysisvalueswithin
2 h afterthe end of the session.To the contrary,the
increaseoftheOTcdispersionwastotallybluntedduring
astandardhemodialysisprocedureinabsenceofplasma
K+decrease,butappearedagainwhenthe K+dialysate
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fluidconcentrationwas restoredto 2 mmol/I.Thisstudy
providesevidencethatthe increaseof OTc dispersion
occurringon hemodialysisis mainlyrelatedto thediffu-
siveprocess,morepreciselyto the K+removal.This is
one morereasonto focusattentionon K+removalrate
especiallywhenhemodialysistreatmentis givenin ure-
mics affectedby cardiacdiseaseswith high risk of
arrhythmias.
Introduction
TheinterleadvariabilityoftheQT intervalin thesur-
faeeeleetroeardiogramisealledQT dispersion,definedas
thediffereneebetweenmaximalandminimalQT interval
duration.It refleetsregionaldiffereneesin ventrieular
reeoverytime[1].
Evideneexiststhathemodialysistreatmenteausesan
inereaseddispersionofQTeintervalina 12-1eadeleetro-
eardiogram[2-4].Thissuggestsaninereasedregionalhet-
erogeneityofrepolarizationtimesinadjaeentareasofthe
myoeardium[5-7]andit isassoeiatedwithhigheriskof
ventrieulartaehyarrhythmiasn variouseonditions[8-
11].
Theehangesoftheintra-andextraeellulareleetrolyte
eoneentrationsandof theautonomienervousystemor
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catecholaminess cretionhavebeenproposedtoexplain
thewell-knownarrhythmogeniceffectof thestandard
hemodialysisprocedure[12,13].Inparticular,thesudden
reductionof plasmapotassiumconcentrationaswellas
theelevationof ionizedcalciumplasmalevels[14-16]
canincreasethesusceptibilitytoventricularrrhythmias.
In fact,theintra-andextracellularconcentrationsof
potassium,calciumandmagnesiumareimportantfactors
fortheelectricalstabilityof themyocardium,sincethey
areinvolvedin creatingnormalcellularexcitability,im-
pulsepropagationandregularventricularrecovery.Of
consequence,it is likelythatthehemodialysis-induced
electrolyte'disequilibrium'couldbethemaincauseofthe
increasedQTcdispersion,butithasnotbeenproven.
Moreover,otherfactorsmaypotentiallyaffectheQTc
dispersionsincetheanatomic-functionalheterogeneity
amongdifferentareasoftheventricularmyocardiumcan
bedevelopedbytheseveralandcomplexmodifications
ontheelectrolyticstatusandontheautonomicnervous
systembalanceoccurringduringthehemodialysisession.
Thepresentstudywasaimedtoindividuallyidentifythe
factorsresponsiblefortheincreasedQTcdispersionfol-
lowingthehemodialysisprocedure.
Patients and Methods
Patients
Tenchronicuremics(5malesand5females,aged50:t 13years)
onmaintenanceh modialysistreatmententeredthestudy.
Patientsweremaintainedonthrice-weeklybicarbonatehemodi-
alysistreatmentlasting4h.PolysulphoneholIowfiberdialyzers(sur-
face1.8m2)wereused.Thestandardialysatecompositionwasthe
folIowing:potassium2 mmol/l,calcium1.75mmolll,magnesium
0.37mmolll,sodium139mmol/l,chloride109mmolll,acetate3
mmol/landbicarbonate32mmol/I.
Patientsaffectedby diabetes,heartfailure,ischemicheartdis-
ease,atrialfibrillationorconductiondisturbanceswereexc1udedas
welIasthosewithprovenintradialysiscardiovascularinstability.
Twodimensionalechocardiographyexaminationwasperformed
inalIthestudiedpatients:thedetectionofglobalorregionaldefects
of contractility,or of an ejectionfractionlowerthan60%,were
regardedasexc1usioncriteria.
Nopatientwasonpharmacologicaltreatmentknowntoaffecthe
QTc intervai.Informedconsentfrompatientswasobtainedandthe
studywasconductedinaccordancewiththeprinciplesoftheDec1a-
rationofHelsinki.
StudyDesign
To separatelyevaluatethepossible ffectsof thehemodialysis-
inducedchangesofextracelluiarvolume,ofcatecholamines,ofauto-
nomicnervoussystemactivityandof electrolytes(namelypotas-
sium)ontheQTcdispersionvalues,twodifferentdialysischedules
wereplanned.
QTcDispersionandPotassiumRemoval
StudyA. Highrateisolatedultrafiltrationwasperformeduring
thefirsthourofthesession,thentheultrafiltrationratewasreduced
andastandardiffusivehemodialysiswasbegunandperformedfor
3h.
Surfacel2-leadECG recordingsweretakenbeforeandafter
ultrafiltration,1h afterthebeginningof diffusivehemodialysis,at
theendand2haftertheendofthehemodialysissession.At thesame
times,arterialbloodpressurewasrecordedandbloodsampleswere
takenfromtheafferentlinefordeterminationsofelectrolytes,urea
andcreatinineplasmalevels.
Sevendayslater,thesamehemodialysisschedulewasplannedas
abovespecified,anda24-hourdynamicECG monitoringwasper-
formedtoassesstheincidenceofarrhythmiasandtheheartratevari-
abilityduringandoutofthehemodialysissession.Epinephrineand
norepinephrineplasmalevelsweredeterminedatbaselineandatthe
endoftheisolatedultrafiltrationperiodo
StudyB.Duringthefirsthourofastandardbicarbonatehemodi-
alysis,theK+dialysateconcentrationwasincreasedto obtainthe
samevalueofK+plasmalevelatthebeginningof thesession,then
avoidinganyplasma-dialysateK+gradienttopreventplasmaK+lev-
elsfromlowering.Thenit wasrestoredto afixedconcentrationof
2mmol/lforthefolIowing3hofhemodialysis.
SamplesforplasmaK+determinationsandECG recordingsfor
evaluationofQTc dispersionweretakenbeforeandattheendofthe
hemodialysisperiodwithhighK+dialysate,thenafter1h andatthe
endof thefolIowingperiodof hemodialysiswithlowK+dialysate
concentration.
Methods
The 12-leadelectrocardiogramrecordingswereperformedby
CardiovitCS-l00ECGRecorder(SchillerAG,Baar,Switzerland),at
50mm/spaperspeed(gainlOmm/mV).
ThemeasurementsofQT intervalin alIthepossibleleadswere
blindlyperformedbyasingleobserver.TheQT intervalwastaken
fromtheonsetoftheQRScomplextotheendoftheT wave.In the
presenceofaU wavethenadirbetweenT andU wastakenasfinal
point.
ForeachECG recordingwetookmeasurementsofthreeconsecu-
tiveQT intervalfromeachleadandcalculatedthearithmeticmeans;
theseQT valueswerethencorrected(QTc)bytheheartrateaccord-
ingtotheBazett'sformula.TheQTc dispersionwasdeterminedas
thedifferencebetweenthemaximumandtheminimumvalueof
theQTcintervalindifferentleads(tenatleast)ofthesameECGrec-
ording.
ThearithmeticmeanoftheQTcfromthe12leadsofeachECG
recordingwasassumedastheQTc intervallength.
Heartratevariabilityprovidesanindexofcardiacsympathetic-
vagaIbalance:it wasevaluatedfrom24h continuousECG record-
ings(DiagnosticMonitoringSystemUSA),bymeasuringthestan-
darddeviationof alI normalR-R intervalsin thetimedomain
(SDNN).TheSDNNdataduring2hprecedingthesessionanddur-
ingtheisolatedultrafiltrationperiodwererecorded.
Thesamplesforplasmacatecholamineassaysweredrawnbythe
afferentline,maintainedoniceuntilrefrigeratedcentrifugationwas
performed,thenplasmawasstoredat-70 oC untilassaywasper-
formedby thehigh-performanceliquidchromatographymethod.
Theelectrolytesandtheotherstudiedparametersweredetermined
usingthestandardmethodsofourlaboratory.
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Table1.StudyA:changesoftheQTcdispersionandoftheplasmaconcentrationsofurea,creatinineandelectrolytes,
beforeandattheendofisolatedultrafiltration(UF),I hafter,attheendand2haftertheendofstandardhemodialy-
sis(HD)
Table2. StudyA:meanQTclength,arterialbloodpressureandheartratevaluesbeforeand
attheendof theisolatedultrafiltrationperiod,1h afterandattheendof thebicarbonate
hemodia/ysis
QTc length,ms
SystolicBP, mmHg
DiastolicBP, mmHg
Heartrate,bpm
416:t13
130:t24
85:t9
76:t8
420:t22
122:t20
8l:t 13
74:t11
430:t21
118:t26
78:tll
78:t17
418:t17
129:t33
84:t16
86:t15
StatisticalAnalysis
Ali theresultsareexpressedasmean:t SD.Statisticalevaluation
hasbeenperformedusingtheanalysisof variance(ANOVA) for
repeatedmeasurementswiththeBonferroni'smultiplecomparison
test,andtheStudent'st testforpaireddata.
Differenceswereconsideredasstatisticallysignificantwhenp <
0.05.
Results
At theendofthehemodialysissessiontheQTcdisper-
sioninvariablyincreasedbutretumedtothebasaIvalues
within2haftertheendofthehemodialysis(table1).Dur-
ingtheisolatedhighrateultrafiltration(1.3:t 0.6kg/h)
periodtheQTcdispersiondidnotchangewhereasasig-
nificantincreaseoccurredalready1hafterthebeginning
ofthehemodialysisprocedure(table1)withalowultrafil-
trationrate(0.4:t 0.2kg/h).ThentheQTc dispersion
moreslowlyincreaseduntiltheendofthesessionwhen
theQTc dispersionreachedthehighestvalues,thatwas
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almostwotimeshigherthanatbaseline.Finally,theQTc
dispersionretumedtothebaselinevalueswithin2 h after
theendofthehemodialysisession(table1).
Theexpectedchangesoftheplasmabiochemistrydur-
ingthedifferentphasesofstudyA areshownin table1.It
emergesthattheincrementof QTc dispersionis associat-
ed with the decreaseof potassiumand magnesiumand
withtheincreaseofca1ciumplasmalevels.
Table2 showsthevaluesof themeanQTc length,ar-
terialbloodpressureandheartratethroughthestudyA.
Norepinephrinecirculatinglevelsincreasedattheend
of thehighrateultrafiltrationperiod(fig.1).Moreover,
theSDNN valuesdecreaseduringisolatedultrafiltration
(fig.1),reflectinga relativehighsympathetictonein this
periodo
However,studyB c1ear1yshowsthattheQTc disper-
siondoesnotchangewhena standardhemodialysispro-
cedureis performed,providedthatthepotassiumplasma
concentrationremainsunchanged(fig.2). Conversely,
whenpotassiumremovalis restored,a rapidincreaseof
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QTcdispersion,ms 30:t7 34:t5 47:t9b 58:t15a 3H 11
Urea,mgldi 132:t38 127:t35 72:t20a 47:t15a 63:t21"
Creatinine,mgldl 10.H 1.78 1O.0:t1.7 6.6:t2.0a 4.3:tI.oa 5.6:t1.1"
Sodium,mEq/1 137:t3 136:t4 139:t3 139:t4 138:t4
Potassium,mEq/1 5.4:t0.5 5.6:t0.9 4.0:tO.4a 3.4:t0.3a 4.0:t0.5a
Chloride,mEq/1 100:t4 99:t5 102:t3 102:t4 97:t3
Calcium,mgldl 9.8:t0.8 10.5:t1.1 11.0:t0.7b 11.6:t0.7a 11.2:t0.5b
Magnesium,mEq/1 2.4:t0.7 2.5:t0.7 1.9:t0.6 1.7:t0.5e 2.0:t0.6
Phosphorus,mgldl 4.9:t1.9 4.22:t1.5 2.5:t0.9b 2.2:tO.7a 3.6:t1.2e
a p <0.001,bP<0.01,ep <0.05vs.beforeUFo
Fig. 1. HeartratevariabilitydefinedastheSD ofaHnormalR-R
intervalsin thetimedomain(SDNN)values(dottedbars)andnor-
epinephrinecirculatinglevels(emptybars)beforeandduringtheiso-
latedhighrateultrafiltration(UF) period(studyA). Mean:t SD.
*p<0.05vs.basaIvalue.
theQTcdispersioni variablyoccurred(fig.2),similarly
tothatobservedsincethebeginningofdiffusivehemodi-
alysisprocedureinstudyA.
No c1inicallyrelevantarrhythmiawasrecorded by
ECG Holtermonitoring,neitherduringthetimeof the
hemodialysis,norduringthetimeprecedingorfollowing
it. In thestudiedpatients,theincidenceofventricularor
supraventricularprematurecontractionswasverylow(as
amean,1andlOperhour,respectively),andnosignifi-
cantabnormalityrelatedtothehemodialysistimeperiod
wasobserved.
Discussion
This studyconfirmsthatthestandardbicarbonate
hemodialysisprocedureincreasesthe QTc dispersion
whichseemsto beindependentof thetechniqueused,
sincethiseffectwasreportedalsowhena softhemodia-
filtration,asit is theacetate-freebiofiltration,wasper-
formed[4].
TheincreaseoftheQTcdispersionseemstobelimited
to thehemodialysissession,becauseit occursfromthe
firsthourofdialysis,it isroughlytwotimesgreateratthe
endofthesession,butitreturnstobasaIvalueswithin2h
aftertheendofthetreatment.
QTcDispersionandPotassiumRemoval
Fig. 2. ChangesoftheQTc dispersionvalues(solidline)andofthe
K+plasmalevels(dottedline)in thepatientsgivenhemodialysisses-
sionwithhighK+dialysateconcentrationduringthefirsthour,and
withfixedlowK+dialysateconcentrationduringthefoHowing3h
(studyB).***p<0.001vs.basaIandl-hourvalues.
Asfarasthemeehanismbywhiehhemodialysiseauses
the inereaseof theQTe dispersionis eoneerned,the
presentstudyhasfoeusedtheehangesindueedbythedial-
ysistreatmentonextraeellularvolume,autonomiener-
voussystemaetivity,eleetrolytesandpartieularlyonpo-
tassiumextraeellulareoneentrations.
Ourresultsdemonstratethatpotassiumremovalisthe
criticaIfaetorindueingtheenhaneementoftheQTedis-
persionvaluesduringthehemodialysissession.Thisisin
keepingwiththeauthorsc1aimingtheroleofpotassium,
andofitsremovalrate,asthemainarrhythmiasindueing
faetorassoeiatedwiththehemodialysistreatment.Ae-
tually,Redaellietal.[16]demonstratedthatthearrhyth-
mogenieffeetofhemodialysisisbluntedwhenaeonstant
plasma-dialysateK+gradientisusedinsteadofafixedlow
K+dialysateoneentration.I addition,lowintraeellular
K+eoneentrationswerefoundto beassociatedwithan
inereasedriskofventrieulararrhythmias[15].
Thepresentstudysuggestsa minorroleof theauto-
nomienervousystemandofthefluidvolumehangesin
enhaneingQTedispersionduringhemodialysis,nagree-
mentwithpreviousobservationsdemonstratingorela-
tionbetweenQTdispersionandautonomieabnormalities
in patientswithleft-ventrieularhypertrophyandheart
failure[17].Indeed,uringtheisolatedhighrateultrafil-
trationperiod,inthepreseneeofstrongsympathetieone
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activationandincreasedcatecholaminess cretion,wedid
notobserveasignificantincrementoftheQTcdispersion.
Instead,theQTc dispersioninvariablyincreasedonce
hemodialysisprocedurewascommenced,andits incre-
mentwasmaximalduringthefirsthourof treatment
whenelectrolyticchanges,namelypotassiumdecrease,
weremorerapido
Ventriculararrhythmiasareoneof themostsevere
complicationsinhemodialysispatients,althoughtheydo
notseemtopredictheiroverallmortality[18].Thedis-
persionoftheQT intervalreflectsregionaldifferencesof
themyocardialrepolarization[l, 6,7]whichintUffican
favorarrhythmiasduetore-entrymechanisms[5].There-
by,theincreasedinter-IeadQT dispersionhasbeenpro-
posedasanindicatorofarrhythmogenicrisk,abletopre-
dictsevereventriculararrhythmiasor suddendeathin
patientswithhypertrophiccardiomyopathy[8,9],myo-
cardialinfarction[lO]orchronicheartfailure[Il].
Nevertheless,thisstudyhasfailedto demonstratea
directlinkagebetweenincreasedQTc dispersionand
appearanceofventricularrrhythmias.It mustbeconsid-
eredthatthisstudywascarriedoutinstablechronicure-
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